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SEARCH FOR THE SPONTANEOUSLY FISSIONING NUCLIDE
IN CHELEKEN HOT BRINES

S.N.Dmitriev, G.N.Flerov, V.A.Azarov, S.V.Shishkin, V.Ya.Lebedev,
A.V.Krasnov, T.V.Shishkina, V.K.Pokrovsky, E.A.Sokol

By using the methods of chemical enrichment (coprecipitation,
cementation, sorption, extraction etc.) the isolation of trace elements
from the hot brines of the Cheleken peninsula was carried out. Some
10-15 m3 of brine were processed in a single experiment. The concent-
ration factor for the trace elements reached the value 108-10%. The
samples obtained were studied using a 3 He-counter neutron-mufti-
plicity detector. No spontaneously fissioning nuclide (SFN) was reve-
aled in the samples at a detection limit of 10~13 g/g. The possible
explanations of that are discussed. On the basis of the special study
of the chemical forms of the trace elements, the possible analogs of
superheavy elements in hot brines, and from the analysis of the re-
sults of the present and previous searches for the SFN in Cheleken
hot brines an assumption has been advanced that the SFN is present
in the brines in compounds with organic admixtures, such as gold and
mercury. Perspectives of further work aimed at detecting the SFN
in Cheleken hot brines are discussed.

The investigation has been performed at the Laboratory of Nuclear
Reactions, JINR.

O nmoHcke CIOHTaHHO AENALLETOCA Hy K/IMaa
B TepMaJlbHBIX paccoax /o Yenexken

C.H.ImutpHes # np.

MetogaMM XHMHYECKOTO KOHHEHTpHPOBaHMA (COOCaXIeHHeE, Ne-
MEHTAUMA, COPOLMA, IKCTPAKIMA H P.) N pOBeACHO BhIAE/ICHHE MHIKPO-
JNMEMEHTOB H3 TEPMAnbHBIX pacconoB n/o YenexeH. B emmmmmiom
onbite nepepaGarbmanocs 10-15 M paccona, pH 3TOM KOHLEHTpH-
poBaHHe MHKPO3JJIEMEHTOB TOCTHTallo 103-105. Homnywexnble 06pa3umbi
H3YYaIHCh Ha HEATPOHHOM [ETEKTOpe C 3He-cuermxamm. C 9yBCT-
BuTenbHocTs0 10~ r/r cnowrammo mensmerocs Hykymga (COH)
B o6pa3uax He oGHapyxeHo. O6GCYKIA0TCA BO3MOXHbIE IPHIMHEI 3TO-
ro. Ha ocHoBe M3yueHus GopM COCTOMHHA MHKPONIEMEHTOB — BO3-
MOJHBIX aHAIOTOB CBEPXTSKENBbIX IEMEHTOB — H aHAIM3a pe3ysbra-
TOB HaCTOSMEH M palee BBIIONHEHHbIX pabor no morcky CIH B Tep-
MAalbHBIX paccosiax m/o YesekeH BBICKA3aHO NPEANOJIONEHHE 0 HAX0X-
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nenun CIIH B paccone (mooGHO 30JI0TY M PIYTH) B BHIE COCOMMEHHH
C OpraHHYeCKHMH NpHMecAMH. O6CYXHaloTCA NepCneKTHBH AanbHel-
umx pabot no noucky CIIH B uesrexeHCKMi rHAPOTEPMax.

PaGota BrmonteHa B JIaGo paropru anepHbix peaximit OUAU.

Prospects for searches for superheavy elements (SHE) in nature,
the critical analysis of the results obtained and the possible ways of
developing studies in this direction have been considered by Flerev
in some review articles’*® . Those reviews cover work at studying
the samples of Allende and Efremovka primitive meteorites (C3) in
which a spontaneously fissioning nuclide (SFN) was looked for by
recording neutron multiplicities by detectors with “He-filled counters’®’,
as well as by detecting spontaneous fission fragments by solid-state
detectors’4’ and by big proportional counters’5/. The 3He-filled
counters and solid-state detectors were employed to investigate origi-
nal Allende samples (22.5 kg and 0.85 kg in weight, respectively).
The fractions of heavy elements extracted from a 4 kg Allende meteo-
rite in gaseous state where  investigated using proportional counters.
The so determined content of the SFN varies in the range from 0.01
to 0.05 decays/day-kg. Such a low concentration of the SFN, toge-
ther with the lack of large quantities of the given class of meteorite
present almost insurmountable difficulties for its separation and iden-
tification. .

Despite of the low probability for SHE existence in nature, a con-
tinuation of these studies seems to be necessary. The spontaneous fis-
sion activity observed in the meteorites cannot be explained either
by the instrumental background or by spontaneously fissioning tech-
nogenic contaminants. The activity can be due to a SHE or to an unk-
nown spontaneously fissioning isotope of a known element. The se-
paration and identification of the spontaneously fissioning nuclide
still remains a topical problem.

It looks promising to study some species of the mantie origin
or those coupled to the mantle as it is known that the elemental com-
position of the ultrabasic substance of the mantle is, on the average,
similar to that of stony meteorites.

As a result of the proposed high volatility of SHE’ and/or their
compounds’® 7/ they can possibly migrate to the upper layers of
the Earth’s crust (together with degassing products from the upper man-
tle) along the zones of abyssal fractures, and be mixed with the ther-
mal waters of these fractures and carried off to the surface with them.

The present paper deals with the analysis of the results of the stu-
dies aimed at searching for SHE’ in the hot brines of the Cheleken
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Peninsula (South-East of the Caspian Sea). A number of geophysical
and geochemical characteristics of the occurrence of these thermal
waters (e.g., the presence of abyssal fractures, high seismic activity,
etc.) as well as the high concentration of high-volatility microelements,
indicated the possible penetration into these waters of degassing pro-
ducts from the upper mantle and, perhaps, SHE’s” 2/ .

Searches for SHE’s in Cheleken hot brines were started at the
Laboratory of Nuclear Reactions of JINR in the early 1970%. Based
on the whole set of experimental data the authors’®’ arrived at the
conclusion that a new spontaneously fissioning nuclide possibly belon-
ging to SHE’s has been detected in the hot brines. The nuclide content
of the hot brine was estimated to be 10-18 g/g. This value was obtained
assuming the half-life of the spontaneously fissioning nuclide to be
10° years* and an enrichment factor of 100 during separation from
the brine (in ref. '8/ sorption by anion-exchange resin was used).
In 1978-79 (see refs,’® 10/ ) attempts were made to isolate the new
nuclide in quantities sufficient for its identification (the Z and N as-
signment) by physical methods. For this purpose different methods
of chemical concentration were used, e.g. sorption by ion-exchange
resins, coprecipitation with hydroxides, cementation on aluminium,
and others. Unfortunately one could not succeed in improving the
earlier results’®’ . An analysis of the obtained results’?:19/ shows
that a high separation degree for the SFN was achieved in a number
of experiments, particularly in the case of the precipitation of iron
hydroxides’® and hydrated manganese dioxide /197 However, the
initial volume of the brine processed in these experiments was equal
to 1-3 ms, which was clearly insufficient for obtaining samples with
the absolute SFN content (10'® atoms per gram) required for its assign-
ment,

The present paper describes the studies carried out in 1981-86
to continue searches for the SFN in Cheleken hot brines. Chemical
concentration was performed by different methods, namely, copre-
cipitation, cementation, sorption, extraction, etc.). As earlier, the
SFN behavior in the experiments was assessed by controlling the be-
havior of the possible homologs of SHE’s, such as Cd, T1, Pb and (in
model experiments) 203Hg, 195Ay and 2!'At. The techniques used
were developed on the basis of the available data on the forms of sta-
tes of these microelements in brine’1-1%/  The combination
of different techniques has permitted the separation of the microele-

* This assumption will be exploited Jurther in estimating the relative and
absolute SFN content of the samples.
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ments with a concentration factor of 103-104 and 105 in the some
experiments (table 1). The possibility of detecting the SFN as collo-
ids (pseudocolloids) and compounds with organic contaminants was
considered in experiments involving ultrafiltration, extraction by tri-
butylphosphate (TBP) and coprecipitation of hydroxides from the
brines after their long chlorination at a temperature of 95° C,

The analysis of the resultant samples for the SFN content was
carried out using a neutron multiplity detector having an intrinsic
background of 1 spontaneous fission event per day. The efficiency
of spontaneous fission detection by recording neutron multiplicity
can be taken for discussion roughly equal to 0.3. The measurement
duration was usually about 10 days which provided the absolute sen-
sitivity of detecting the SFN of 10-9 g (about 1 event per day), i.e.
the relative sensitivity was equal to 10-13 g/g for 10 kg samples.

In performing the experiments we proceeded from the SFN con-
centration in 1 m3 of Cheleken brine of 0.5-2 decays per day /8 -10/
i.e.(1.3-5)x10-18 g/g. The samples measured in a single experiment
were equivalent to 10-15 m3 of brine with respect to the concentra-
tion of one or several microelements -— the possible SHE’s homologs.
The concentrates of the whole series of the possible homologs of ele-
ments ranging from Au to At were obtained and measured using a
neutron multiplicity detector. The expected spontaneous fission acti-
vity was 5-30 decays or 1.5-9 events per day. However, no SFN has
been detected at the indicated sensitivity in any of the samples obtained.
The results of the measurements of a number of samples using the
neutron multislicity detector are listed in table 2.

The comparative analysis of the literature data’® 7:14-%7/ o,
the preposed chemical SHE properties and of the results of the earlier
experiments aimed at extracting the SFN from Cheleken brines
demonstrates that the chemical properties of SHE’s are unlikely to
differ very much from those of their homologs. Therefore it is unli-
kely that the chemical properties of the SFN have not allowed to ext-
ract it from the brine in any of the experiments listed in table 1. Ap-
parently, the actual SFN content of the brine was so small that the
brine volume processed in each separate experiment was insufficient
for obtaining samples with the absolute SFN content of 10~? g. The re-
sults of the measurements using neutron multiplicity detectors do not
permit the determination of the lower limit of the SFN concentrati-
on whereas its upper limit is estimated to be 0.2 decays/day-m3, i.e.
about 5x10~17 g/g Hence the question arises as to whether the given
SFN concentration was observed in brine in the earlier, initial experi-
ments carried out in 1973-1978 or its concentration in the brine should
be admitted to decrease since that time.
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Table 2

..+ Results of sample measurements using

a neutron-multiplicity detector

Sample Measurement Number of events
duration, hrs with neutron
multiplicities
2 -3
1. Fe hydroxides (III)
(pH 9, 22 kg) 204 12 -
2. Sulfides (pH 2-6) 164 9 —
3. Al cementation (2 kg) 284 18 -
4. Elution from 10 kg Al (HCL)
(sulfides) 173 10 -
5. Elution from 10 kg Al
(HCL + CLg) (sulfides) 232 8 1
6. Sorption by VP-IAP (6 kg) 102 5 —
7. Extraction by TBP (10 kg) 116 6 —
8. Elution from 150 kg of KU-1
(hydroxides, 5 kg) - 164 8 —
9. Elution from 3 kg of PVS-T
(sulfides + hydroxides) 400 g 140 8 —
10. Sulfides (crystallization) 170 9 —
11. Fe(III) hydroxides from
brine after destruction of
colloids and organic
contaminants 120 7 -
12, Ultrafiltration (500 g) 175 9 —
13. Background measurement 2560 12 —
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The latter assumption has certain grounds since the geological
situation in the region of brine deposits has changed drastically during
the recent years. The seismic activity of the region has decreased, the
dynamical level of hot brines has lowered by 100 meters and their
self-extrusion ceased in 1977.
However, in our view, it is more likely that earlier the SFN con-
tent of the brine did not exceed 0.2 decays per day in m3 either. To sub-
stantiate this hypothesis we shall reanalyse the results of the first expe-
riment/1:9.18/ A brine volume of about 2000 m® was processed.



A total of 42 spontaneous fission events were recorded during 88 days
of measuring 9 kg of ion-exchange resin by using a neutron multipli-
city detector having an intrinsic background of < 0.08 events per day
and a detection efficiency of 0.3. Later 170 kg of anion-exchange
resin were treated successively with solution of HCl, HNO,, CH4COOH
and NAOH. From the mixture of the eluates hydroxides (6 kg) were
precipitated in which spontaneous fission activity was approximately
6 events per day /% . The resin, 150 kg in weight, obtained in the
same experiment was processed in work’® . A 3H HNOj solution
(1500 1) was used for desorption. The eluate was evaporated and mea-
sured using the neutron detector. For a period of 15 days not any
spontaneous fission event was detected that is no SFN has been elu-
ted from the resin,

The results of those experiments can be interpreted under the
assumption that the SFN, like Au and Hg, is present in the brine in
the form of compounds with organic contaminants. Earlier /11. 12/ we
demonstrated that Au and Hg compounds containing organic admix-
tures are adsorbed with a distribution ratio of 10% by ion-exchange
resin from Cheleken brines. Their desorption is possible only by elu-
ting with concentrated HNOg (oxidation of an organic substance)
by the solutions of organic acids (e.g. HCOOH, CH4COOH) or alkali.
All the above-said gives an explanation for the quantitative desorpti-
on of the SFN in processing 170 kg of ion-exchange resin and for the
negative result of the experiments with 150 kg of the resin.

We note that the assumption that the SFN can exist in the form
of compounds with organic contaminants does not contradict the
results of the earlier experiments’ 8-10/ :

Assuming that the main form of the SFN in the brines is compo-
unds with organic contaminants we can estimate with sufficient cer-
tainty its concentration factor as 2102 in anion-exchange resin. Then
the 9 kg resin sample measured in the first experiment will be egui-
valent to 9 m® of brine rather than to about 1 m3 accepted earlier %/,
Consequently the SFN content of 1 m3 of brine is equal to or smaller
than 0.2 decays per day, which agrees with the value indicated above.

Thus the comparative analysis of the earlier data and the results
of the present study enables us to advance two assumptions which
are of importance for the further development of this research. These
are: (i) the spontaneously fissioning nuclide is present in Cheleken hot
brines as organometallic compounds and (ii) its concentration in these
‘brines corresponds to 0.2 decays/day.m3. These assumptions have
good grounds to be accepted as a working hypothesis and used for
an experimental verification.
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